Background: We aimed to assess the level of DNA damage and susceptibility to exogenous mutagens in peripheral blood cells of Chronic Obstructive Pulmonary Disease (COPD) patients and healthy individuals by comet assay. Oxidative stress was also evaluated by means of thiobarbituric acid reactive species (TBARS) in blood plasma.
INTRODUCTION
Chronic Obstructive Pulmonary Disease (COPD) is a major cause of morbidity and mortality in countries with different levels of economic development, with smoking being recognized as the most important causative factor [1, 2] . According to the World Health Organization (WHO) estimation, 80 million people in the world have moderate to severe COPD. It is estimated that in 2020 COPD will become the third leading cause of death worldwide [2] .
*Address correspondence to this author at the Avenida Independência, 2293, Bloco 42, Bairro Universitário, Santa Cruz do Sul/RS-Brasil; Tel: +55 51 37177374; Fax: +55 51 37171855; E-mail: andreag@unisc.br COPD is currently defined as a disease preventable and treatable disease characterized by airflow limitation, resulting from an abnormal inflammatory reaction to inhaled particles (smoking) and associated with co-morbidities [2] . The pathology of COPD is multifactorial and results in significant systemic consequneces, often including systemic inflammation and oxidative stress [3, 4] . The formation of reactive oxygen species (ROS) by the cigarette smoke and inflammatory cells, generated in the pulmonary epithelial tissue, has been associated with slowly progressive and irreversible decrease in forced expiratory volume in one second (FEV 1 ), loss of muscle mass and muscle dysfunction [4, 5] . The abnormal inflammatory response that causes these pat-terns of injury has already to be fully characterized, and it is likely that there are multiple pathways leading to impaired lung function [5] . Cigarette smoking provides the initial stimulus, which recruits inflammatory cells into the lung parenchyma increasing the inflammatory process and probably modulating some of the systemic effects of COPD [5] [6] [7] . Additionally, there is some evidence suggesting that the DNA damage/repair imbalance may contribute to increased risk of lung carcinoma in COPD [8, 9] .
Some of the many different compounds in cigarette smoke can react directly with cellular components to form radicals, while other procarcinogen substances must be activated to produce single-and double strand breaks into DNA [7, 10] . However, only a small number of smokers are diagnosed with clinically relevant COPD, suggesting that COPD is the result of host-environmental interaction, most probably genetically predetermined [11] . Some studies have reported markedly increased DNA damage levels in COPD patients that correlate with the smoking status [9, 12, 13] . The cellular processes of DNA damage induction and repair are fundamental for the maintenance of genome integrity, and the modulation of these processes can dramatically increase individual susceptibility to cancer [14] . The cellular and molecular mechanisms that facilitate the progression toward the disease or its evasion are unknown [11] .
Comet assay has been used in various studies to investigate the effect of ROS on DNA because it is a rapid, simple and sensitive technique for measuring DNA breaks and repair in single cells in connection with various diseases [15] [16] [17] . The present study was therefore designed to assess the level of DNA damage and the susceptibility to exogenous mutagens in peripheral blood cells of COPD patients and healthy individuals, evaluated by comet assay. The oxidative stress was also evaluated by means of thiobarbituric acid reactive species (TBARS) in blood plasma.
MATERIALS AND METHODOLOGY
Fifty-one COPD patients, with a mean age of 65.33±8.91 years, treated at Santa Cruz Hospital by the Research Group for Health Rehabilitation, Santa Cruz do Sul, RS, Brazil were included in this study. COPD was diagnosed according to the Global Initiative for Chronic Obstructive Lung Disease guidelines-GOLD [2] , using clinical history, physical examination, and presence of airflow obstruction, defined as a ratio of forced expiratory volume in one second (FEV 1 ) to forced vital capacity (FVC) less than 70% of predicted value. The patients were grouped in relation to COPD stage as mild (8) , moderate (16) , severe (16) or very severe (11) and pharmacologic therapy [2] . The COPD patients were matched by gender, age and body mass index (BMI) with 51 control individuals without pulmonary disease. The study protocol was approved by the Ethics Committee of UNISC, protocol number 2011/08. All individuals answered the personal health questionnaire and signed informed consent before the interview. Peripheral blood samples were collected from patients and control individuals at rest early in the morning.
Obtaining Sample
The peripheral blood (10mL) samples were collected early in the morning from fasted COPD patients and controls into two tubes with EDTA, being one aliquot for the comet assay and the other aliquot to obtain blood plasma.
DNA Damage Evaluation by Comet Assay
The comet assay was performed under alkaline and neutral conditions according to the procedure of Singh and coworkers [18, 19] . Aliquots of 10 µl freshly collected whole blood were mixed with 90 µl low melting (LMP) agarose (0.7% in PBS) and added to microscope slides pre-coated with 1.5% agarose. The slides were then incubated in icecold lysis solution (2.5 M NaCl, 100 mM EDTA, 10 mM Tris, 20 mM NaOH, pH 10.2, 1% Triton X-100 and 10% DMSO). After 24 h at 4°C, the slides were removed from the lysis solution and placed in an electrophoresis unit filled with fresh electrophoresis buffer at 4°C. In the alkaline version of Comet assay (10 M NaOH, 1 mM EDTA, pH > 13), 20 min of denaturation and 15 min electrophoresis time were used. For the neutral condition (3 M sodium acetate, 1 M Tris, pH=8.5), the denaturation time of 1 h and electrophoresis time of 1 h were used. In both versions of the comet assay, after electrophoresis, the slides were neutralized (0.4 M Tris, pH 7.5) and washed in water. The samples were subjected to electrophoresis at the different batches and reference standards (positive/negative controls with known levels of damage) were included in each electrophoresis run. The slides were left to dry overnight at room temperature, then fixed and stained with silver nitrate in accordance to Nadin et al. [20] . For DNA damage evaluation, 100 cells per individual (50 cells from two coded slides) were analyzed blindly under optical microscopy at 100 × magnification. The cells were visually scored by measuring the DNA migration length and the amount of DNA in the tail into five classes, from undamaged -0, to maximally damaged -4, and a damage index (DI) value, which is an arbitrary score, was calculated for each sample [21] . International guidelines and recommendations for the comet assay consider that visual scoring of comets is a well-validated evaluation method [22, 23] . Damage index thus ranged from 0 (completely undamaged: 100 cells × 0) to 400 (with maximum damage: 100 cells × 4).
Comet Assay to Assess the Susceptibility to Exogenous DNA Damage
For the assessment of susceptibility to exogenous DNA damage, whole blood cells were treated with methylmethane sulfonate (MMS; 8×10 -5 M) for 1 h or 3 h at 37°C prior to slide preparation, and proceeded up the steps of the alkaline comet assay as described above. The percentage of residual DNA damage after 3-h MMS treatment was calculated using the value of 1-h MMS treatment for each subject as 100%.
Lipid Peroxidation
Lipid damages were monitored by the formation of thiobarbituric acid reactive species (TBARS) during an acidheating reaction, which has been widely adopted as a sensitive method for measuring lipid peroxidation. First, 1000 μL of 5% trichloroacetic acid were added to 250 μL of supernatants and centrifuged at 7000 g for 10 min. Then 1000 μL of sulfuric acid (3M) were mixed with 1000 μL of thiobarbituric acid solution. The reaction mixture was incubated in a boiling water bath for 15 minutes and cooled to room temperature. Then 3500 μL of n-butanol was added and centrifuged at 7000 g for 5 minutes. The absorbance was read at 532 nm [24] . Results were expressed as nmol/g of protein.
Total protein levels were evaluated using the Biureto Total Proteins kit from Labtest (Labtest Diagnostica S.A., Brazil).
Statistical Analysis
The statistical analyses were performed using the Statistical Package SPSS 17.0 and p ≤ 0.05 was considered statistically significant. The data are expressed as mean ± standard deviation. Categorical variables were compared using χ 2 tests. Differences between values for control individuals and COPD patients were assessed using Mann-Whitney Test. The comparison among multiple groups was performed by one-way analysis of variance (ANOVA) with post hoc Tukey's multiple comparison test. The correlations between the parameters studied were evaluated by Spearman's test.
RESULTS
The general characteristics of COPD patients and control group are shown in Table 1 . The COPD patients and matched controls were similar in terms of age, gender, ethnicity, BMI and comorbidities, but differed regarding smoking status, number of cigarettes smoked per year and smoking duration was higher in COPD patients. The pulmonary function and comet assay results are shown in Table 2 . The damage index (DI) in the alkaline comet assay (detects single-and double-DNA strand breaks and alkali-labile sites) and in the neutral comet assay (detects double breaks) was significantly elevated in COPD patients in relation to the control group.
The susceptibility to MMS-induced (8×10 −5 M) DNA damage was measured after 1-h or 3-h of treatment. As shown in Fig. (1) , the DNA damage index in the control group increased after 1 h of MMS treatment, and slightly decreased after 3 h, whereas DNA damage in COPD patients remained elevated following 3-h MMS treatment. To investigate these differences, we calculated the changes in DI after 3-h treatment in relation to the 1-h DI value for each person. This parameter, called residual DNA damage, showed that the DNA damage detected after 3-h treatment in controls decreased in relation to the 1-h value (Fig. 2) , which could indicate repair process initiation. In contrast, the residual DNA damage in patients further increased, indicating higher susceptibility to alkylation damage.
The DNA damage index was compared between patients grouped according to the COPD severity as defined by GOLD [2] (Fig. 3) and corticosteroids drugs currently (Fig.  4) . The values of DNA damage after 3-h MMS treatment for patients with moderate, severe and very severe COPD were significantly higher than in the control group. However, no difference was observed between the different groups of patients with COPD.
The mean DI in patients treated with corticosteroids, which decrease the inflammation process, was also slightly lower (Fig. 4) . Table 3 shows the correlations between the parameters studied in patients and controls. In COPD patients, the basal DNA damage in comet assay correlated negatively with TBARS and the percentage of residual damage, in contrast to the control individuals that presented a positive correlation. Disease indicators FEV 1 and FVC correlated negatively with the percentage of residual DNA damage, suggesting that patients with more severe COPD presented higher increment in DNA damage following 3-h MMS treatment. The basal DI in the alkaline and neutral comet assay in COPD patients correlated positively with FVC, suggesting that patients with severe and very severe COPD presented lower basal damage. Moreover, the DI after 3-h MMS treatment in patients correlated positively with TBARS, indicating that the enhanced susceptibility and/or repair inhibition could be related to oxidative stress.
In the control group, FEV 1 correlated negatively with DI (alkaline and neutral Comet assay) and the susceptibility to DNA damage induction (1-h MMS treatment) correlated positively with smoking (cigarettes-year). Moreover, the percentage of residual damage correlated negatively with the smoking cessation time.
DISCUSSION
Oxidative damage to DNA can have a great impact on human health, considering the growing recognition that such damage may both initiate and promote carcinogenesis. The pathogenesis of COPD leads to an increase in the oxidative burst in lungs and evidence suggests that this increase is implicated in pathogenic processes, such as damage to pulmonary cells, mucus hypersecretion, antiprotease inactivation and exacerbation of lung inflammation [2] . Recently, it has been suggested that the oxidative stress may extend beyond the lung to generate the systemic manifestation of COPD [13] . Our results, detecting increased DNA damage in COPD patients (Table 2) , are in agreement with those by Ceylan et al. [12] , who observed through the alkaline comet assay markedly increased levels of oxidative stress and DNA damage in peripheral blood cells of such patients. The authors have also found that the increase in DNA damage correlates with the use of biomass fuel for cooking and the smoking status. However, in our study, correlation between DNA damage with number of cigarettes smoked per year and smoking cessation time was observed only in the control group ( Table 3) . The studies about smoker-induced DNA damage are contradictory and show that there is no difference between smokers and nonsmokers [25, 26] . Others studies report unexpected negative results [27] and sometime smokers present lower DNA damage than non-smokers [28] . A few cigarettes per day may stimulate an adaptive response and a continued exposure to mutagens/carcinogens may induce resistance to further DNA damage [29] . More important is the cumulative smoking exposure [25] so we stratified our sample in heavy smokers (i.e ≥ 30 cigarettes per day) e light smokers (i.e < 30 cigarettes per day) e non-smokers. Our results were equal to literature no significant difference was found among heavy smokers, only between nonsmokers and light smokers (i.e COPD showed higher DNA damage).
The relatively high basal DNA damage detected in our study for both patients and controls, which can be attributed to advanced age, presence of comorbidities in both groups, and current use of antihypertensive drugs. The high standard Fig. (3) . DNA damage index in alkaline Comet assay after 1-h or 3-h MMS treatment in patients grouped according to the COPD severity. Data are presented as mean±SD. Statistical analysis was performed by one-way ANOVA with Tukey's multiple comparison test. deviations for the DNA damage values in the comet assay found could reflect the great genetic heterogeneity of the groups. It is a critical aspect in human biomonitoring studies associated to physiological state and life style [13] . DNA damage and DNA repair seem to be closely associated with aging as a result of endogenous factors, lifestyle, occupational or environmental exposure [30] . Some atherosclerosisrelated diseases, whose pathogenesis involves both inflammation and oxidative stress, lead to DNA-damage induction [31] and could explain the higher basal DNA damage found in our study in patients and in matched controls [32] .
In our study, an enhanced susceptibility to the alkylating agent MMS that induced DNA damage was observed in COPD patients (Fig. 1) , especially in moderate, severe and very severe COPD (Fig. 3) . The residual DNA damage caused by MMS treatment further increased in COPD patients, indicating the induction of persistent DNA damage, which could reflect DNA repair inhibition (Fig. 2) . In the control group the induced DNA damage was transient probably due to induction of DNA repair mechanism.
Furthermore, the DI after 3-h MMS treatment positively correlates with the amount of TBARS in COPD patients, indicating that increased oxidative damage could be responsible for the elevated susceptibility to exogenous DNA damage. On the other hand, the increased DI could result from DNA damage accumulation as a result of delayed DNA repair process. Moreover, the observed negative correlation between the percentage of residual damage and basal DNA damage in patients (i.e. higher susceptibility to exogenous DNA damage, correlated with lower basal damage), which contrasts with the positive one observed in controls, could be attributed to DNA metabolism inhibition at toxic conditions.
As the comet assay, in addition to the direct strand breaks in DNA, also detects strand breaks formed as intermediates during the DNA repair process, low basal DNA damage could indicate cell toxicity (i.e. chronic oxidative stress), leading to decrease in genotoxicity. Such a decrease in basal DNA damage in lymphocytes of patients with breast cancer (lower than in controls) was associated with repair inhibition and possible elimination of highly damaged cells by apoptosis [14] . It is important to point out that an increased apoptosis in COPD patients has been reported, which persists even after smoking cessation [33] [34] [35] . The reduced repair capacity among cancer patients and their relatives shows that such capacity can be genetically determined [36, 37] . Moreover, cancer patients treated with irradiation only those with DNA repair defect developing secondary thyroid tumors [38] . Alternatively, DNA repair inhibition can be attributed to modulated repair signaling and/or inactivation of repair enzymes as a result of altered intracellular redox status by persistent inflammatory processes [9, 14] .
Inhaled corticosteroids are frequently used in moderate to severe COPD, in order to interrupt the inflammatory pathways and have shown to decrease the number of exacerbations and improve quality of life [2, 39] . Glucocorticosteroids may have direct effects on oxidative stress by decreasing the number and/or activity of cells involved in ROS production such as the number of neutrophils in COPD [40] . On the other hand, it has been shown that the administration of inhaled or intravenous corticosteroids in stabile COPD patient can suppress the ROS generation during treatment and decrease the DNA damage [41, 42] . Our results also showed a decrease, although not significant, in the basal DNA damage in patients treated with corticosteroids (Fig. 4) . In conclusion, our results showed that COPD patients presented significantly elevated basal DNA damage in peripheral blood cells, as detected by the comet assay, in relation to the control group. COPD patients were also more susceptible to exogenous DNA damage induction by MMS treatment. Moreover, the increased susceptibility in these patients positively correlated with the amount of TBARS suggesting the involvement of altered redox balance in the DNA damage accumulation, and probably in the etiology and pathogenesis of COPD. The evaluation of susceptibility to exogenous genotoxic agents in COPD patients, as detected by comet assay, could be useful as biomarker of the disease progression, considering the correlation found between this parameter and FVC and FEV 1 .
